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BREAKOOUN PROCESSES IN LARGE-AREA COLO-CATHODE VACULIWTRIOOES

R. B. 61bson
Los Alsmos Wlorsal Laboratory

Los Alsrnos,~&XiCO 87545, U.S.A,

A!iSTRACT

Prelonization of la~’g~aperture high-pressure

dischar9e-DumPed gas 18Sers requires uniform 250-500

keV 10-100rIA cm-2 electron beams o“ typically

,-,0 ~ ,.3 ~m2 ,n ~rea. *mpedance ~o,,ap~e due

t> cathode plasma expansion renders diode electron

guns trrefftcientin thf$ application. Introduction!}

of a control grid limits gun current to low, control-

lable values until Plasma closure of the cathode-

grid gap occurs. However, field enhancement at the

grid can cause cathode-grfd or gr{d-anode afCS

resulting ;n current runaway. An experimental study

of impedance COllaP$e was conductetiby measuring

element

cathode

the gun

clowre

I-V characteristics In a 20 x 200 cm cold-

triode electron gun, Impedance collapse of

was dominated by two processes: (1) plasma

of the celhode-grid gap and (2) grid-anode

arc!. P)agma cloiure rate was ‘-2r 106 cm set-1

independent of configuration or tnterelectrode poten-

tial. Arr thre$hold$ wer~ found to depend (after

condltionlng) exclusively on local electric field

strength at the 9rfd whfch is, In turn, a function

of grid bias and, more iwortantly, gr!d grometry,

Streamers and arcs were occasstonally obterved tn

the Cathoda-grfd r~9fOn, phenmnon de!erving of

further investigation.

1NTROOUCT ION——

ffffcient, large aPerture electron guni hav?

becom wry important in development of hfgh..pouer

dlschar9e-purr@eogas lasers as in@rttsl fuilon

drivw! end for other research.’ Uniform emc{ta-

t!on of Iargo aperture (~10 cm7) high preiturc

(,L1OUtorr) law dlsch?w9es requires prior genera-

tion of free electrons throughout the discharge

volume. X-ray, W, and hybrid prefonization tech-

niques are llmitrd in the volumes through which they

can produce the required free ●lectron densities

(-1013 cm-3), For large volume lasers, direct

injection af an electro,lbeam has proven to be the

most versatile, efficie!rt, and effective means of

controlling d!scharge characteristics,2

Typical bean,currents required are 10-100 M

cm-2 of 250-500 kav electrons. Total beam area

may be up to 105 cm2 but that is typically

comprised Jf s~veral beams of area 1-10 x 103 cm2

each. Current risetimes of ~ 1 usec and pulse

dmattons of 2-10 usec are typ~cally required,

Until recently, Cold-cathod? space-charge-

lim+ted diode electron guns have generally been

employed. Beam current for such a di ‘Jr is qivrn by

the Child-L an9muir Law:

1,+ [$]+ p,., - VCt]-’ v), (1)

where A is the gun area, dK-A ii the cathod?-anod”

physical separation, UC !s the plasma closure

velocity, and VK-A ii the ctthrfe-anode Isoterltial

different?, If V:T is blgnificaut compared tu

‘K-A* a diode is fundamentally incapabl? of

delivering a constwrt currant pulse at a f!xcd

voltage. All desfgn trade-offs lead to ineft~cimt

use of the energy stored in the 9un pul$aI. [f ft -

ctency can b~ improved by using a triodi?conflgur.

atton in which the control grid is biased by

COnn@Ctfng ft to the gun anode through a flxml

rextstor, R6. Gun Cathode current Is thw sDerl-

f{cd by the trantcondcrrtal●quation



““+JTF-’-”,’]’h-(’-t’’’”!r‘2)
(l-tG)lKRG represwts tIM@d-SISOdQIS O’QntlBl

difference If t~ Is the grid transmission.

The triode gun offers t- advantages over the

diode: (1) current Is limited to ● stabltrmsge

until cathod+grid closure is newly cmplota (at

which pofnt the device becms a diode again). and

(2) current ❑aybe s4justod tyvtrying the bias

resistor. These characteristics laad ‘o l~roved

●fficiency of the Mun circuit. Novsevel’, introduc-

tion of the grid complicates the struclure and

Introduces new fault males. This paper reports

results of an experimental study Into W: formation

and plasmo closure phenmena in a large area cold

cathode trlode electron gun.

EEPEPIWNTA1 CONFIGURATl(~

10 determine brrakdown limits to gun opersting

param=ter’s, 1-V characteristics of a 20 x 210 cm

planr.rcold cathode gun we ,imasure~dunder condi-

tions of maximum ●lectrical str?is. For thf!:study,

the normal anode hibachi structure and Kapton/Al

pressure uindw ware rmlaced will a fl-t stalnles:

steel plate. The cathode was a $Pgmented 200 cm

long ribbon of 12 ~mTa foil. Several gr!dmatc-

r!als were used, The g-id plane was fined 23 cm

from the cathode and 6.C cm from the anode.

In the configuration wrployad for ,1s experi-

ment, the snode is grouvJ@dand tht grtd is biased

from it through a CUS04:H20 rt$l’.tor, RG. The

cathode Is drtven frm ● ) sta9e P!arsgerseretor

havtng an offectivv capacitance of ~.lt? uF, a

measured L of 37 MH, and a manimum o?en-c~rcuit

discharge vol!ige of MO hV.

Four dl~/erent cdntrol #rfds were {nterchan~eahly

Smloyed. Mtirrs I and 2 conststed of .4@ cm dtsm

stclnlef% steal rods spactd 2.54 or 1.27 cm apart,

resp?cftvely, or!ented transverse to the csthode,

Grldf nudered J and 4 eqloyad a tuwdherrslonal

WS’1, elments Of uhlch were rectangular wires .13nm

ulde by .09 tm thick on 1.27 (gr*d 3) or 0.64 cm

(grld4) centers.

RESULTS ANO INTERPRETATION

A. GENERAL

Breakdod of the trt~e was defindd by a rise in

cathode current substcntitlly above that calculated

dth Eq, (2). ]nltial studies indicated two basic

t~s of breakdowns occurred: p~asmt clocure of the

cdthed~grid region and arcs between grid and anode.

~ese are discussed individually in parts B and C of

this section.

Ptrsmtric studies indicated neither breakdown

Me was si~nlficantly affected by chanaes in

cathcde blade rondltion, anode materia; or surface

#intsh, or vtcuum In the ~un (normally 1.2 x 10-6

torr p’~ed by an untrapped oil diffusion pump, but

all~ed to rise to 1,0 x 10-4 torr to sscertain

●ffuct ). Electropollshing the grids to eliminate

an) sP’arD●dges or points led to little, if any,

significant change In breakdown characteristics.

After emosure of the ~un to air, a few (3-5) condi-

tioning shots ware found helpful in achieving repro-

ducibility of subsequent data,

0. CATHOOE-QRIO PLASMA CLOSURE

Explosion of cathode microprint} heated by field

endssion current fs well k,lownto create plasmas

vshfch●mpand across anu eventually short the lnt~r.

•l~nent region uf s cold ctthode diode.3 This

phenormcm IS also obserwet In the tathode-yt-ld region

of a trlode. The cathode current in Fig. la shcws

an ●xample of the normal early p?aklnc and

subsequent decty of the cathode current followed by

● ractd rise. Afiar the Initial rfue to peak., lx

iS well predf-ted by solutlon of Eq. (2) uitn WC =

2.0 R 106 cm ccc-’. ff~ure lb shws thht tue

rtse In IK occurs ●hen VK= raaches re~o.

Indtctttng c~lete closure, rjts of ~q. [2) to I-V

curves )rom other shots yielded clulure velocitlek

of 1.5 - 2.7 H lCt6 cm see-’. This b-havlor is
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consistent with thnt routinely observed in diode

guns at comarable cathode currant.
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FIGURE ~. (a) IK and (b) ‘fK-Guf triode durin9

plasma closure of K-G gap. ‘K-A - 350 kW, RG =

1290 tl.

c. GRIO-ANODf ARCS

grcakdown of the type illustrated in Ftg. 2

occurrad at grid-anodu

which qrld was in u~a.

Table 1,

potantialt fiicrldcptndtd on

Results are summarized In

TABLE I

Breakdown Potsntlal for Trloda E-Gun

~~Aakdw#n

Grid Type ‘G (kV Cm-’)

1 Rod .E1 32

2 Rod .62 45

3 Mesh .81 24

4 Msh .62 32
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FIGuRE 2. (a) lK and (b) lRGof triode (using

grid 1)with G-A arc at 5 usec. ‘K-A * 350 kV.

RG - 1290 n. Such ar~s may occur at 2-10 usec.

Riset ime Is limited by power surJply inductance.

Calculation of the ●lectrtc field in the triode

proce~ds in two staps, First, the field of a trlooe

in which cathode current Is space-charge limited Is

calculated in all inte,electrode regions.4 I“rl ts

clrarly maximum rmar the grid surfact. Using equipo-.

hntitl llnes fr~n the preceedlng calculation as

boundary conditions, Laplace’s ●q~fitionmay be

solvad (tha space charge can be Ivnored) to yield a

good appronimatlon to the field t~dlatt’y surround-

ing the artd. This two-step epproach Drovfdef h19~

rasolutlon In theragton of tnt~reft wttnout conlu~

tng inordinate calculation tt,’m. Retultl are

sumarizod tn Tnhlc Il.
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TABLE 11

Breakdown Threshold at Triode 6rid

EC:

(kV cm-’)

32

45

24

32

64 I 2.0

63 I 1.4

74 I 3.1

71 2.2

Regardless of grid type, breakdown occurs when

-1~max ~each?~ -70 kV cm . This is consistent

with Kilpatrlck’s bretkdmm measurements for a Oc

field5, resulting in an ●xtremely simple critarion

for determining maEimum voltages that s given triode

of this t~e Can withstand.

A design trade-off is irrplfed,however.

Redurtion of field enhancement (Emax/Eavg) at

the grid to permtt higher beam voltages requires a

grid with lower transmission, resulting In lower

beam current.

D. CATHODE-GRID STREAMERS AND ARCS

Several zhots wnploying thd wsh grids produced

!mnediate (c~ncing at <1 tisec)arcs between

cathode and grid. No beam current is aver

gener~ted. Cause and a predictive model for this

Infrequent and erratic behavior kre stfll befng

sou9ht.

Cathode and Qrid voltage and cUrrent WaVefOrm5

for many !hots showed evldaqce of streamer formation

batween cathode and grid for the ftrst 6 Msac of the

shot, Thezt streamers rmver developed tnto full

arc; and had no raproduciblo corr?latlon to lster

grid--node brnakdcuns. This phanmmnon hlso desarvts

further Study as these sttwwrs could be procurers

to catastrophic broa?datn under otMr operating

pw~ters.

SU@4ARY

Two tliffermt, predictable processes Ilm!t the

operation of larg~aperature cold-cathode vacuum

tr{odes. F!rst, plasm closure of the c.sthod~grtd

gap at -2 x 106 cm see-l limits the period

during which grid control can be maintained.

Second, DC breakdown occurs between grid and anode

when maximm local ●lectric field near the grid

-1surface reaches ’70 kv cm . Other cathode-grid

breakdown processes are occasionally observed but

have not yet bean explatned or model led.
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